Molecular cytogenetics: unraveling of the genetic composition of individual cells by fluorescence in situ hybridization and digital imaging microscopy.
Molecular biology techniques allow the unraveling of the genetic alterations that cause or accompany malignant disease. Since tumors are often heterogeneous, biochemical analysis of tissue homogenates is of limited diagnostic value. This paper gives examples of methods that are presently operational to analyze the genetic composition of individual cells. They are based on fluorescence in situ hybridization (FISH) and digital imaging microscopy. First, the current status of indirect and direct FISH staining methods with respect to probe labeling, detection sensitivity, multiplicity, and DNA resolution is summarized. Microscope hardware as well as charge-coupled device (CCD) cameras required for FISH analysis are then described. Applications potentially important for the analysis of urological malignancies, such as the automated enumeration of chromosomal abnormalities (counting of dots in interphase cells) and high-resolution DNA mapping on highly extended chromatin, are described in detail. Finally, the limitations of the present methodology and its future prospects are discussed.